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Previews2012). These blood count changes were
associated with nearly complete loss
of HSC regenerative capacity, as deter-
mined from careful chimerism and trans-
plantation experiments. Hence, normal
hematopoiesis and HSC regeneration
appear to be primarily regulated by the
Raptor-dependent activities of mTORC1.
Loss of PTEN in HSCs, with conse-
quent activation of PI3K-AKT signaling,
leads to increased HSC cycling with
a deficiency in self-renewal and eventual
HSC depletion. These PTEN-deficient
HSCs give rise to abnormalities in
thymocyte progenitors, culminating in
the development of T-ALL. mTORC2
appears to be essential for the effects
of PTEN loss on both normal HSC self-
renewal and leukemogenesis, because
deletion of Rictor normalized HSC pro-
liferation and blocked T-ALL in the PTEN
null background (Magee et al., 2012).
Deletion of Raptor also significantly
reduced the incidence of T-ALL in PTEN-
deficient animals, indicating a nonredun-
dant requirement for both mTORC1 and
mTORC2 activities in leukemic transfor-
mation induced by PTEN loss (Kalaitzidis
et al., 2012).
Importantly, the studies by Kalaitzidis
et al. andMagee et al. establish a potential
therapeutic window for interfering with
leukemogenic PI3K-AKT signaling by282 Cell Stem Cell 11, September 7, 2012 ª2using specific blockade of Rictor-depen-
dent mTORC2 activities, which does not
appear to have significant effects on
steady-state and long-term regenerative
hematopoiesis in mice, yet substantially
impedes the development of T-ALL. Ther-
apeutic blockade of Raptor-dependent
mTORC1 activities in T-ALL driven by
PTEN loss is likely to bemore challenging,
as mTORC1 function is required to
sustain normal hematopoiesis.
Interestingly, HSCs from neonatal mice
appear to resist the effects of PTEN loss
on cell proliferation, and do not give rise
to T-ALL (Magee et al., 2012). PTEN-defi-
cient HSCs from neonatal mice show
reduced AKT activation as compared to
their adult counterparts, suggesting that
they are endowed with activities that limit
the production of PIP3 and/or activation
of AKT. Given that mTORC2 is required
for PTEN loss-induced leukemogenesis
and that mTORC2 can activate AKT, the
resistance of neonatal HSCs to the effects
of PTEN loss suggests the testable
hypothesis that mTORC2 may be physio-
logically suppressed during neonatal
development. Future studies to elucidate
the mechanisms underlying such sup-
pression, or perhaps alternative explana-
tions for lower levels of AKT activation
in both wild-type and PTEN-deficient
neonatal hematopoietic cells, may permit012 Elsevier Inc.the eventual ‘‘reprogramming’’ of hema-
topoietic cells to a state of PI3K non-
responsiveness, which could then be
exploited therapeutically.
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Recently in Nature, Song et al. (2012) show that the neurotransmitter GABA acts directly on radial glia-like
neural stem cells to maintain quiescence and provide a mechanism for how neuronal activity controls the
production of new neurons in the hippocampus.New neurons are continuously gener-
ated in the adult brain. Neural stem cells
(NSCs) in the subventricular zone (SVZ)
generate neurons for the olfactory
bulb, whereas NSCs in the subgranular
zone (SGZ) generate neurons for the
dentate gyrus of the hippocampus.NSCs transition between quiescence
and proliferation, allowing them to
respond to the dynamic needs of the
brain. The NSC niche is a major supplier
of the information NSCs need in order
to adapt to new situations and alter their
activity.The hippocampus is a structure impor-
tant for memory formation and cognition,
and hippocampal neurogenesis is known
to affect memory and learning. In the
SGZ, radial glia-like NSCs divide to
generate intermediate progenitors, which
then give rise to new neurons that
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Figure 1. Regulation of Neurogenesis by Neuronal Activity
A subset of GABAergic interneurons, expressing PV, regulate NSC proliferation in the adult dentate gyrus.
Neuronal input to PV+ neurons, primarily from dentate granule cells, results in synaptic GABA release.
GABA ‘‘spill-over’’ is sensed by NSCs and regulates their production of intermediate progenitor cells
(IPC) and new neurons.
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Previewsintegrate into the existing hippocampal
circuitry. Neuronal activity and experience
are known to regulate multiple stages
of hippocampal neurogenesis. However,
the precise effects of neuronal activity
on NSCs and the molecules and mecha-
nisms by which it might act remain
unclear. In a recent study published in
Nature, Song et al. demonstrate that a
subset of interneurons constitute a major
part of the NSC niche, maintaining NSC
quiescence via GABA (gamma-aminobu-
tyric acid) signaling (Song et al., 2012).
Their work reveals a mechanism for
how neuronal activity executes the ex-
perience-dependent regulation of neural
stem cells and neurogenesis (Figure 1).
The inhibitory neurotransmitter GABA
had previously been suggested to regu-
late several aspects of hippocampal
neurogenesis (Ming and Song, 2011). To
determine whether GABA could directly
affect NSCs, Song et al. (2012) began by
measuring the electrophysiological re-
sponse of NSCs to GABA. NSCs were
found to respond directly to both GABA
and the GABAA receptor (GABAAR)
agonist muscimol. GABA signaling to
NSCs did not occur via synapses but
rather via the ‘‘spill-over’’ of GABA from
synaptic contacts between neurons. Con-
sequently, NSCs can gauge local neural
circuit activity by sensing levels of GABA
in their immediate vicinity.
What then is the effect of GABA
signaling on NSCs? Treatment with Diaz-
epam (Valium), an anxiolytic drug that
enhances GABAA receptor signaling,gave a significant decrease in the number
and proportion of proliferating NSCs.
Conversely, when GABA signaling was
cell-autonomously abolished in NSCs,
by deleting the GABAA receptor subunit
g2, a dramatic increase in NSC activation
was seen. As with other manipulations
known to increase NSC activation,
genetic deletion of the GABAAR subunit
g2 lead to increased NSC depletion over
time. Thus, GABA signaling can potently
inhibit the proliferation of NSCs and is
required to maintain their quiescence.
GABA joins a complicated mix of factors
that have been found to promote NSC
quiescence, including the tumor sup-
pressor PTEN and the BMP signaling
pathway (Bonaguidi et al., 2011; Ming
and Song, 2011; Mira et al., 2010).
But what is the source of GABA in the
niche? Song et al. (2012) found a close
association between NSCs and the
axonal termini of a subpopulation of
GABAergic interneurons expressing par-
valbumin (PV). The axonal termini ema-
nating from a single PV+ interneuron can
branch out to encompass hundreds of
individual NSCs. To investigate whether
PV+ interneuron activity controls the
quiescence and proliferation of NSCs,
the authors used an optogenetic ap-
proach. This method employs the trans-
genic expression of light-activated ion
channels to manipulate neuronal activity
within intact neural circuits (Fenno et al.,
2011). Photoactivation of channelrhodop-
sin (which stimulates neuronal activity)
expressed in PV+ interneurons of the den-Cell Stem Cell 11, State gyrus resulted in a decrease in NSC
proliferation of around 50%. Conversely,
photoactivation of halorhodopsin (which
reduces neuronal activity) expressed in
PV+ interneurons almost doubled the
number of activatedNSCs. Notably, opto-
genetic manipulation of other interneuron
populations that, like PV+ interneurons,
project elaborate processes throughout
the SGZ had no impact on NSC activity.
Thus PV+ interneurons serve as an impor-
tant component of the neural stem cell
niche, wielding significant control over
the NSCs choice between quiescence
and proliferation. Dentate granule cells,
the type of neuron produced by hippo-
campal neurogenesis, provide a major
excitatory input to PV+ interneurons, pro-
viding a potential feedback mechanism to
modulate neurogenic output (Figure 1).
Finally, Song et al. (2012) demonstrate
that this mechanism of stem cell control
is utilized during experience-dependent
regulation of NSCs. Social isolation, a
model for certain behavioral abnormali-
ties seen in disorders like schizophrenia,
has been shown to promote NSC expan-
sion (Dranovsky et al., 2011). However,
the mechanism by which social isolation
controls NSC behavior was unknown.
The authors show that social isolation
leads to a significant increase in NSC acti-
vation when compared to animals housed
in groups, but isolation has no effect on
NSCs made refractive to GABA. Further-
more, specific activation of the PV+ inter-
neurons could abolish the increased
levels of NSC activation seen in isolated
mice. Thus dentate PV+ interneurons,
acting via GABA signaling, can mediate
the regulation of NSCs by experience.
This work elegantly reveals how an envi-
ronmental cue, via altered neural activity,
is sensed directly by neural stem cells,
dictating their activity and allowing the
tissue to adapt to a new situation.
The role of GABA in stem cell regulation
is not restricted to the hippocampus; it
has previously been identified as a nega-
tive regulator of stem cell proliferation in
a number of other contexts, including
the SVZ. In the SVZ, it is the neural stem
cell progeny, the neuroblasts, which re-
lease GABA, providing a feedback mech-
anism to control NSC proliferation. GABA,
acting through GABAA receptors, leads to
the phosphorylation of histone H2AX,
which inhibits NSC proliferation during S
phase of the cell cycle (Anda¨ng et al.,eptember 7, 2012 ª2012 Elsevier Inc. 283
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Previews2008; Fernando et al., 2011; Liu et al.,
2005). However, PTEN, whose mutant
phenotype in hippocampal NSCs is near
identical to that of the GABAA receptor
(Bonaguidi et al., 2011), is known to regu-
late the cell cycle at the G0–G1 transi-
tion—as does BMP signaling (Mira et al.,
2010). It will be of great interest to see
how the effects of PTEN and GABA
receptor knockout are reconciled with
each other and with the other signaling
pathways known to regulate NSC quies-
cence and progression through the cell
cycle.
Hippocampal neurogenesis can affect
memory and learning and has been impli-
cated in a number of psychiatric diseases,
fueling great interest in this field of
research (Ming and Song, 2011). PV+
interneurons had been independently
implicated in many of the same patho-284 Cell Stem Cell 11, September 7, 2012 ª2logical conditions as hippocampal neuro-
genesis, including Alzheimer’s, schizo-
phrenia, and epilepsy (Masiulis et al.,
2011; Song et al., 2012). Therefore, the
mechanism of stem cell regulation out-
lined by Song and colleagues may serve
to further our understanding of common
pathologies, with potentially far-reaching
consequences.REFERENCES
Anda¨ng, M., Hjerling-Leffler, J., Moliner, A., Lundg-
ren, T.K., Castelo-Branco, G., Nanou, E., Pozas,
E., Bryja, V., Halliez, S., Nishimaru, H., et al.
(2008). Nature 451, 460–464.
Bonaguidi, M.A., Wheeler, M.A., Shapiro, J.S., Sta-
del, R.P., Sun, G.J., Ming, G.L., and Song, H.
(2011). Cell 145, 1142–1155.
Dranovsky, A., Picchini, A.M., Moadel, T., Sisti,
A.C., Yamada, A., Kimura, S., Leonardo, E.D.,
and Hen, R. (2011). Neuron 70, 908–923.012 Elsevier Inc.Fenno, L., Yizhar, O., and Deisseroth, K. (2011).
Annu. Rev. Neurosci. 34, 389–412.
Fernando, R.N., Eleuteri, B., Abdelhady, S., Nus-
senzweig, A., Anda¨ng, M., and Ernfors, P. (2011).
Proc. Natl. Acad. Sci. USA 108, 5837–5842.
Liu, X., Wang, Q., Haydar, T.F., and Bordey, A.
(2005). Nat. Neurosci. 8, 1179–1187.
Masiulis, I., Yun, S., and Eisch, A.J. (2011). Mol.
Neurobiol. 44, 287–302.
Ming, G.L., and Song, H. (2011). Neuron 70,
687–702.
Mira, H., Andreu, Z., Suh, H., Lie, D.C., Jessberger,
S., Consiglio, A., San Emeterio, J., Hortigu¨ela, R.,
Marque´s-Torrejo´n, M.A., Nakashima, K., et al.
(2010). Cell Stem Cell 7, 78–89.
Song, J., Zhong, C., Bonaguidi, M.A., Sun, G.J.,
Hsu, D., Gu, Y., Meletis, K., Huang, Z.J., Ge, S.,
Enikolopov, G., et al. (2012). Nature. Published on-
line July 29, 2012. http://dx.doi.org/10.1038/
nature11306.Epithelial Stem Cells in the Esophagus:
Who Needs Them?Nick Barker1,*
1Institute of Medical Biology, 8A Biomedical Grove, 06-06 Immunos, Singapore 138648
*Correspondence: nicholas.barker@imb.a-star.edu.sg
http://dx.doi.org/10.1016/j.stem.2012.08.005
In their recent Science publication, Doupe´ et al. (2012) demonstrate that a single population of proliferating
progenitor cells is solely responsible for homeostatic self-renewal and repair of injured esophageal epithe-
lium. These findings argue against an obligate requirement for long-lived (reserve) stem cells in adult
epithelia.The long-term self-renewal capacity of
barrier epithelia such as the skin, intestine,
and stomach has traditionally been attrib-
uted to the existence of dedicated pop-
ulations of slowly cycling adult stem cells
residing within specialized instructive
niches. Obligate asymmetric division of
these stem cells is thought to be the
norm, ensuring both maintenance of the
stem cell pool and a constant supply
of proliferative progenitors (TA cells)
destined to differentiate into replacement
epithelial cells after a limited number of
cell divisions. Small populations of poorly
defined ‘‘reserve’’ stem cells are thought
to lie dormant within the these tissues,mobilized only in response to catastrophic
loss of the regular stem cells after injury (Li
and Clevers, 2010). However, such text-
book descriptions are increasingly being
challenged following the development of
in vivo clonal tracing techniques that facil-
itate a rigorous evaluation of endogenous
stem/progenitor activities during regular
tissue homeostasis and regeneration after
injury. A particularly elegant example of
this approach was provided in a recent
Science paper by Doupe´ et al. (2012)
whoemployed in vivo clonalmarking tech-
niques to interrogate the contribution of
proliferative basal cells to epithelial
homeostasis and repair in the esophagus.In contrast to other tissues such as the
intestine and stomach (Barker et al.,
2010), they find no evidence for the exis-
tence of discrete populations of long-
lived, self-renewing stem cells in the
esophagus and insteadpropose a surpris-
ingly simple model of progenitor-driven
epithelial renewal and regeneration in
this tissue.
The mouse esophageal epithelium
(EE) is an essentially uniform structure,
comprising multiple layers of keratino-
cytes stacked on top of a basement
membrane (Figure 1). Like all barrier
epithelia exposed to harsh external envi-
ronments, dead cells are constantly being
